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ABSTRACT

This thesis delineates some of the effects of hunting

and non-hunting mortality on bobwhite populations on 8

study areas in middle and eastern Tennessee.

Bobwhite

population levels were measured via direct counts prior to
(fall) and following (spring) annual hunting seasons from
1987 through 1991.

The objectives of the study were to

measure selected seasonal population levels and annual

changes, determine effects of hunting and non-hunting
mortality on measured population parameters, and assess
hunting effort exerted on an intensively hunted area.

The

principal hypothesis investigated was that hunting and
non-hunting mortality affected seasonal population levels
and annual changes differently.

Fall densities on the 8

study areas ranged from 16 to 126 bobwhites per 100 ha,
and spring densities varied from 0 to 46 per 100 ha.

Spring densities were positively related (P < 0.05) to
fall densities.

Fall densities directly affected (P <

0.05) succeeding fall densities.

Fall densities

significantly (P < 0.05) influenced losses over winter,
but had no effect on both hunting and non-hunting

mortality when these two types of mortality were

partitioned and compared separately.

Declines in fall

populations over winter varied from 0.0% to 100% on

V

exploited areas.

Populations unexploited by hunting had

over-winter reductions ranging from 37.3% to 93.2%; 1 non-

hunted population increased over winter.

Hunting

mortality ranged from 3.4% to 93.9% of fall densities.
Non-hunting mortality for exploited populations reduced
fall densities 3.3% to 96.6%, while unexploited

populations recorded non-hunting losses of 37.5% to 93.2%.
Hunting and non-hunting mortality rates for exploited
populations were not correlated.

From 1988-89 through

1990-91, hunting mortality operated as a compensatory form
of reduction, while in 1987-88, hunting was at least

partially additive on one study area.

Summer gains were

inversely related to spring densities (P < 0.05).

Spring

populations increased 5.3% to 441.5% over summer.

Hunted

populations increased over summer throughout the study.
Non-hunted populations increased some years on some areas
and decreased on others.

No statistical relationship

existed between hunting mortality and over-winter losses,

summer gains, and fall-fall changes.

Proportions removed

by causes unrelated to hunting were highly correlated with
spring densities, over-winter losses, and summer gains,
but not correlated with fall-fall changes.

On the

intensively hunted Jones study area, total harvest, hunter
success, and hunting pressure varied appreciably from year

to year, but the average per trip afield for these

VI

variables differed little among years.
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CHAPTER I

INTRODUCTION

Total annual harvest of the northern bobwhite

(Colinus virqinianus) exceeds that of any other non-

migratory upland game bird in North America.

Johnsgard

(1973) estimated the annual harvest of bobwhites in 1970
to be about 35,000,000 in 37 states and 2 Canadian

provinces.

Johnsgard (1973) indicated that the estimated

harvest comprised nearly 70% of the aggregate for grouse,

quail, and partridge taken in the United States and
Canada.

Though the total annual harvest has likely

declined since 1970, the bobwhite remains the most

commonly harvested non-migratory game bird in North
America.

The bobwhite is an important sporting resource to
many upland bird hunting enthusiasts in the southeastern

and midwestern portions of the United States.

Hunters in

each of the states of Alabama, Florida, Georgia, Illinois,

Kentucky, Mississippi, Missouri, North Carolina, Oklahoma,
South Carolina, and Virginia harvest 1 million to 3
million bobwhites annually.

Bobwhites are most heavily

harvested in Texas, which has an annual harvest of nearly

8 million bobwhites (Johnsgard 1973).

From 1970 to 1986,

2

Tennessee's annual bobwhite hairvest remained relatively

constant with an average of 1.4 million per season (TWRA

pers. comm. 1991).

However, the harvest of quail in

Tennessee during the 1989-90 hunting season was estimated
to be approximately 825,000 (Whitehead 1991).

Bobwhite sport-hunting is regulated by the wildlife

agency of each state where the species is considered
permissible game.

State wildlife agencies base harvest

regulations for bobwhites upon the assumption that within
reasonable limits hunting mortality is largely or

completely compensatory.

This assumption of complete

compensation may be valid as long as harvest rates do not
exceed a certain threshold level.

However, a threshold

level has not yet been demonstrated for bobwhites nor for

any other upland game bird species in North America

(Caughley 1985).

Acknowledging a lack of substantive

information, many state wildlife agencies attempt to

establish regulations which would permit a harvest of no
more than 50% of the fall bobwhite population (Hickey
1955).

Since bobwhites may undergo an annual turnover

rate exceeding 70% even when unhunted, a harvest level not

exceeding 50% would seem safe if hunting mortality is
completely compensatory.

Vance and Ellis (1972) concluded

that an annual harvest rate of 70%, excluding crippling

loss, had no detrimental effect on subsequent population

3

levels in Illinois.

Conversely, Roseberry (1979) provided

evidence that hunting mortality adversely impacted

standing density at harvest levels exceeding 50% in
southern Illinois.

The potential for overharvesting bobwhites may be
accentuated on some areas by certain land-use practices
which limit both quality and quantity of desired coverts.

Roseberry and Klimstra (1984) indicated that bobwhites
occupying fairmland habitat, such as in southern Illinois,
"where covey headquarters and escape cover were limited to

woody fencerows, ditches, and small woodlots would likely
be more susceptible to harvest than populations of similar
density occupying nonagricultural habitat, where cover was

more uniform and potential locations of coveys and singles
less obvious to the hunter."

Evidence of farmland being

restrictive to bobwhites is apparent on many farms in

middle and eastern Tennessee.

Land-use practices within

this geographic area are largely centered around cattle

farming operations.

Though land-use patterns are somewhat

different in eastern and middle Tennessee than in southern

Illinois (predominately row-crop farming), the general
situation is quite similar.

In the fall of 1987, the present study was initiated

in response to concerns expressed by numerous quail
hunters over an apparently diminishing bobwhite resource.

4

Hunters perceived the decline to be a result of continuous
overharvesting during past years.

The purpose of the

study was to delineate the relationships between harvest
and certain bobwhite population parameters.

The study

design included 2 control areas where quail hunting was
not permitted, and 6 experimental areas where removal by
hunting was imposed.

The principal objectives of the

study were:

(1) To determine seasonal bobwhite population levels and
changes;

(2) To delineate the effect harvest and non-hunting

mortality had upon measured seasonal population
parameters;

(3) To assess hunting effort exerted on an intensively
hunted area.

CHAPTER II.

DESCRIPTION OF STUDY AREAS

The study was conducted on 8 areas located in 6
counties of middle and eastern Tennessee: 1 in each of

Cocke, Cumberland, Dekalb, and Hickman counties, and 2 in
each of Van Buren and Warren counties (Figure 1).

Four

physiographic provinces were represented by these
counties: Ridge and Valley, Cumberland Plateau, Central

Basin, and Highland Rim.

Forestlands were predominantly

oak-hickory and oak associated types.

Climatic conditions

are characterized as mild winters, warm summers, and

abundant annual rainfall.

All study areas were owned by

private individuals, and utilized for various purposes
including production of ornamental nursery stock, row-crop
and/or livestock farming, outdoor recreation, or

combinations of these.

Study areas ranged in size from

127 to 292 ha.

For the most part, land use patterns on the 8 study

areas were consistent throughout the study period.

Proportions of major cover types differed little from year
to year on each study area, but varied appreciably among
study areas.

Lands used for rowcrop production ranged

from 11 to 71%.

Woodlands varied in proportion from 4 to

McEwen Area

Tltsworth Area
(OeMb Co.)

(Hickman Co

CJHC Area

(Cumberland Co.)

7

Graham Area
(Cocke Co.)

Hogue (A) and (B) Areas

Stewart Area

(Van Buren Co.)

(Warren Co.)

Jones Area
(Warren Co.)

Figure 1. Location of the 8 study areas, 1987 - 1991.
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43%.

Pasture/grasslands occupied 7 to 73% of the 8 study-

areas.

Lands used for nursery stock production accounted

for 0.0 to 31%.

tobacco.

Less than 3% of all lands were planted to

Fallow lands occupied 5 to 70% of the 8 study

areas, while idle lands accounted for 2 to 49%.

Lands

comprised of supplemental food plantings ranged from 0.0
to 6%.

I. Graham Study Area

The 127.2-ha Graham study area (Figure 2) is located
in Cocke County, Tennessee approximately 5.1 km north of

Newport.

The study area is situated in the Ridge and

Valley Province.

Elevations range from slightly less than

305 m to approximately 335 m asl.

The topography is level

to moderately rolling.

Land within the Graham study area was either row-

crop, pasture/grassland, or wooded (Table 1).

farming was the principal land-use practice.

Row-crop

Some fields

planted to soybeans in the spring were double-cropped with
either winter wheat or oats, but mostly wheat.

Idle

areas, mostly used for hay production, contained fescue
and timothy grass, with a sparse amount of broomsedge
(Andropoqon virqinianus).

Fencerows were wooded,

comprised mostly of eastern redcedar (Junioerus

iiii
French Brood
River

1 Row-crop
Little Rgecn
FUver

III Padura/grasB
1
Woodfarvl

BuRdfng
-

• Flddrood

0

400
meter

Figure 2. The^l27.2-ha Graham study area, Cocke County, Tennessee,
00

Table 1.

Land-use (ha) on the Graham study area, Cocke County,
Tennessee, 1988 - 1990.
Row-crop

Year

corn

1988

13.3

1989
1990

soybean

Supplemental
food planting

Pasture/

wheat

oats

sub-total"

Tobacco

37.0

15.8"

0.0

66.1

0.0

0.0

24.7

25.0

36.0

21.8

0.0

1.4"

59.2

0.0

1.9

20.4

25.0

42.3

14.5

0.0

13.3"

70.1

2.4

0.0

15.8

25.0

grass

Woodland

* Does not contain area double-cropped.

'' Double-cropped with soybean.

vo
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virainiana), hackberry (Celtis occidentalis), Japanese

honeysuckle (Lpnicera iaponica), and greenbrier (Smilax
spp.).

Woodlots contained beech (Fagus arandifolia).

yellow-poplar (Liriodendron tulioifera). elm (Ulma spp.),
ash (Faxinus spp.), cedar, and various oaks (Ouercus

spp.).

Woodlot understories contained privet (Licrustrum

spp.), greenbrier, multiflora rose (Rosa multiflora),
Japanese honeysuckle, and advanced hardwood regeneration.
Along the perimeter of each woodlot was an unmaintained
fencerow overgrown with a dense stand of multiflora rose,

blackberry (Rubus spp.), Japanese honeysuckle, and
greenbrier.

II. Campbell Junction Hunting Club Study Area

Campbell Junction Hunting Club (CJHC) study area
(Figure 3) is located in Cumberland County, Tennessee,

approximately 13.6 km northwest of Crossville.
area incorporated 222.0 ha.
Plateau Province.

to 645 m asl.

The study

It lies within the Cumberland

Elevations range from about 625 m asl

Topography is slightly undulating.

Idle grassland and woodland were the 2 major land-use
categories on the CJHC study area (Table 2).
grassland was dominated by fescue.

Idle

Infrequent, small

patches of broomsedge occurred in areas with sparse fescue

1
*■1

r'

Old Pomona Road

(unmaintained)

i

iiiiidl

Claysvllle
Road

1f|l»
lilllW"!

Grassland
Woodland
600

meter

Figure 3. The 220.0-ha Campbell Junction Hunting Club study area
Cumberland County, Tennessee, 1989 - 1991.

'
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Table 2.

Land-use (ha) on the Campbell Junction Hunting
Club study area, Cumberland County, Tennessee,

1989 - 1990.

00
Hr

Year

Grassland

Woodland

1989

115.2

96.0

1990

115.2

94.0

o

Supplemental
food planting

12.8
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coverage.

Woodlands were comprised of second-growth oaks

and hickories.

Wooded draws and points contained a high

stem density of sumac (Rhus spp.), sassafras (Sassafras
albidum), blackgum (Nyssa sylvatica), dogwood (Cornus
florida). and crab apple (Pyrus spp.).

Scant supplemental

food plots, planted with soybean, buckwheat, orchard

grass, sorghum, and various clovers were established along
the mature woodland and within some of the wooded draws.

A dense border of blackberry and greenbrier existed along
the forest-field interface.

III. Titsworth Study Area

The 292.0-ha Titsworth study area (Figure 4) is
located in DeKalb County, Tennessee, approximately 4.8 km
south of Smithville.

The area is situated in the eastern

Highland Rim Province.

Elevations range around 333 m asl.

Topography is gently rolling.
Land-uses on the Titsworth study area included row-

crop, idle, pasture/grass, and forest (Table 3).

A small

portion of the area was utilized for ornamental nursery

stock production.
land-use practice.

Row-crop farming was the principal
Idle areas contained broomsedge and

evening primrose, predominantly.

Pasture/grass fields

were primarily fescue, with a slight component of

Hig^vvayK

\\\s\

'WVYV

\

South

Tltawofth
Road

N

Woodland

I I Pastur^grasa
I • :■ I Rcw-CTOp

Q Idle

Nuraefy stock
Old County Houso Road

Houaei bam
600

Figure 4.

meter

Titsworth study area, DeKalb County, Tennessee,

H

Table 3, Land-use (ha) on the Titsworth study area, DeKalb Countv
Tennessee, 1987 - 1990.
RoH-crop

Nursery

Year

com soybean wheat milo sub-total Fallow Tobacco stock

1987

59.8

144.3

0.0

0.0

204.1

0.0

1988

50.3

148.1

0.0

0.0

198.4

0.0

1.1

1989

17.8

0.0

0.0

0.0

17.8

200.7

1990

18.5

141.3

21.8

18.8

200.4

0.0

0.0

0.8

Pasture/

grass

Idle Woodland

34.2

4.2

43.7

0.8

37.7

14.0

35.0

0.0

0.8

19.8

12.9

35.0

0.0

0.8

15.3

35.5

35.0

ui
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broomsedge.
woodlots.

Forested areas occurred in the form of

The overstory composition of the woodlots

included northern red oak

rubra), southern red oak (0.

falcata), white oak {Q_^ alba), and yellow poplar.

Woodlot

understories were mostly open with a moderate amount of
advanced regeneration.

A modest band of Japanese

honeysuckle and blackberry encompassed each woodlot.
Fencerows were overgrown with various oaks, winged elm

(Ulmus alata), eastern redcedar, Japanese honeysuckle, and
greenbrier.

IV. McEwen Study Area

The McEwen study area (Figure 5) lies within the
western portion of the Highland Rim Province.

This 224.0-

ha expanse is located approximately 25 km east of

Centerville, Tennessee, on Highway 50 in Hickman County.
Elevations range from 130 m to 170 m asl.

Topography is

mostly rolling.
The McEwen study area contained row-crop fields,

pasture/grassland, and woodland (Table 4).

Soybean and

corn were the principal agricultural row-crops.

Most

pasture/grass fields were comprised primarily of fescue,
Johnson grass (Sorghum halepense), ragweed (Ambrosia
spp.), thistle (Cirsium spp.), and various clovers

Bratten
Road

Duck River

B Woodlanci

Bratten
Road

Podure/grBBs
Leatherwoood

Row-crop

Road

0

300
mder

Figure 5,
1988 - 1991.

Table 4. Land-use (ha) on the McEwen study area, Hickman County, Tennessee, 1988 - 1990,
Row-crop
Year

1988
1989

corn

0.0
0.0

soybean

40.5

wheat

sub-total*

18.0"

40.5

31.3

40.5

0.0

u>
0.0
09
•

food planting
0.0

Pasture/
grass

Woodland

150.4

15.1

31.3

0.4

168.0'

15.1

40.5

0.0

150.4

15.1

to

1990

Supplemental

Q

Does not contain area double—cropped.
Double-cropped with soybean.

Double-cropped with soybean and grass.
Includes area double-cropped with wheat.

H
00
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(Trifoliutti spp.).
classification.

Woodlots comprised the woodland

Sycamore (Platanus occidentalis) and

green ash (Fraxinus pennsvlvanica) were dominant along the
Duck River, while various oaks and hickories, osage-orange
(Madura pomifera), cedar, and elm occurred most commonly
elsewhere.

Woodlot undergrowth was sparse.

Cedar, elm,

osage-orange, and blackberry occurred along most
fencerows.

V. Hogue (A) Study Area

The 220.0-ha Hogue (A) study area (Figure 6) is
located approximately 15 km southeast of Spencer, in Van
Buren County, Tennessee.

The area is situated within the

Cumberland Plateau Province.
to 570 m asl.

Elevations range from 540 m

Topography is undulating.

Three land-use categories were present on the Hogue
(A) study area: grassland, idle, and woodland (Table 5).
Grassland was planted to Korean lespedeza, orchard grass,

and bird's-foot trefoil.

Along the grassland interface

were scant strips of bicolor lespedeza.

Idle land

contained sparse patches of broomsedge, greenbrier,
several warm season grasses, and hardwood saplings.

Traversing the idle area was a densely wooded draw
composed of various hardwood species, blackberry.

Vtoodfcind
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Wooded dsw
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Figure 6. The 220.o-ha Hogue fA) st-nrix,

1989 - 1991.
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Supplemental

Year

Grassland

1989

100.6

9.6

109.8»

5.2"

1990

100.6

9.6

109.8-

5.2"

Woodland

Idle

food planting

•Airsa includss 30.1 ha of wooded diraw.
Cumulative area of plots.

M
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greenbrier, and mountain laurel (Kalmia latifolia).
Adjacent to the draw was a series of narrow supplemental

food strips planted to wheat, bicolor lespedeza, browntop
millet, foxtail, and grain sorghum.

Woodland overstory

was primarily mature loblolly pine (Pinus taeda), with
various hardwood species becoming established.

The

woodland understory contained advanced hardwood
regeneration and greenbrier.

VI. Hogue (B) Study Area

Location, topography, and elevations of Hogue (B)
study area (Figure 7) are similar to those for the Hogue
(A) area.

The study area incorporated 136.0 ha.

Grassland, woodland, and idle were land-use

categories occurring on the Hogue (B) study area (Table

6).

Grassland was planted to the same cover crop as

grassland on the Hogue (A) study area.

Narrow strips of

bicolor lespedeza occurred infrequently within the
grassland.

White oak, post oak (Q. stellata), and

Virginia pine (P. virainianus) characterized the woodland
component.

Along the entire woodland perimeter was a

narrow band of dense blackberry and greenbrier.

A dense

belt of mountain laurel occurred along Fall Creek.
herbaceous cover and a negligible amount of advanced

Sparse

« 0

Woodland
Gresalaid
Idle

Food plot
2S0

Mm

meter

Field road

m
Fall Creek

Figure 7,

B""" =°"nty, Tennessee,
to
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Table 6. ^|;;^;^J«^(ha)^on_the^Hogue (B) study area, Van Buren County,
Year

Grassland

Woodland

Idle

Supplemental

food planting

1989

34.2

34.6

64.6

2.6"

1990

34.2

34.6

64.6

2.6"

" Cumulative area of plots.

NJ
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hardwood regeneration characterized the woodland
understory.

Idle land was similar in vegetative

composition as that occurring on the Hogue (A) area.

Supplemental food plots of various sizes occurred in the
idle area, and were planted to the same crops as on the
Hogue (A) study area.

VII. Jones Study Area

The 230.0-ha Jones study area (Ficrure 8) is located

approximately 19 km north of McMinnville, in Warren
County, Tennessee.

The area lies within the eastern

portion of the Highland Rim Province.
from approximately 290 m to 303 m asl.

Elevations range
Topography is flat

to gently rolling.
The major land categories on the Jones study area
were row-crop, nursery, woodlands, pasture/grass, and idle
(Table 7).

Row-crop land was primarily used for the

production of soybeans.
annual basis.

Tobacco was grown, but not on an

Nursery areas were used for the production

of various ornamental tree and shrub species.

Of these,

Bradford pear, peach, dogwood, and pin oak

palustris)

comprised the greatest amount of area.

Fescue dominated

the ground cover within nursery areas.

Woodlots contained

various hardwood species including northern red oak.
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The 230.0-ha Jones study area, Warren County, Tennessee,
1987 ~ 1991»
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Table 7.

Land-use (ha) on the Jones study area,

1987 - 1990.

Warren

County, Tennessee,

Row-crop
Year

soybean

Pasture/
Fallow

Tobacco

grass

Idle

Nursery

Woodland

1987

37.7

0.0

0.0

55.5

22.4

64.4

28.0

1988

29.5

10.3

0.0

55.5

20.3

64.4

28.0

1989

22.8

13.6

0.0

55.5

23.7

64.4

28.0

1990

30.5

0.0

0.5

55.5

29.1

64.4

28.0

to
vj
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southern red oak, and white oak.

Woodlot understories

contained advanced hardwood regeneration, with sparse

herbaceous undergrowth.
dominated by fescue.

Pasture/grass fields were

Idle land contained numerous

herbaceous species, with broomsedge, evening primrose,

ragweed, golden rod (Splrdagp spp.), beggar-ticks (Bidens
spp.), partridge pea (Cassia fasciculata). and Johnson

grass being most prevalent.

Small, infrequent patches of

sumac (Rhus spp.) occurred as well.

Narrow bands of

Japanese honeysuckle were present along creek banks and,
jointly with blackberry, around the perimeter of woodlots.
Narrow wooded fencerows and thin wooded strips of winged

elm, eastern redcedar, and dogwood occurred scantily on

the study area.

Roadside vegetation was sparse, and

primarily fescue.

VIII. Stewart Study Area

The 188.0-ha Stewart study area (Figure 9) is located

in Warren County, Tennessee, approximately 12 km north of
McMinnville.

The area is situated within the eastern

portion of the Highland Rim Province.
little from 290 m asl.
undulating.

Elevation varies

Topography is flat to gently
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Rcw^crop
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Figure 9.

The 188.0-ha Stewart study area. Warren County, Tennessee,
1988 - 1991.
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Land use was either row-crop, woodland,

pasture/grass, idle, or nursery (Table 8).

Row-crop

farming was the principal land-use practice on the area.
Small woodlots of northern red oak, southern red oak, and

willow oak

phellos) comprised the forested portion of

the study area.

Woodlot understories contained advanced

hardwood regeneration and sparse herbaceous undergrowth.

A narrow band of Japanese honeysuckle intermittently mixed
with blackberry occurred along the perimeter of each
woodlot.

Fescue dominated pasture/grass fields.

Idle

areas contained various sedges, broomsedge, greenbrier,
sassafras, and sumac.

Nursery areas were composed of

various sized pin oaks.

Ground cover within the nursery

areas was fescue and broomsedge.

Table 8. Land use (ha) on the Stewart study area, Warren County, Tennessee, 1988 - 1990
Row-crop
raja i-ui.e/

soybean

wheat

sub-total"

grass

Idle

0.0

117.4

0.0

117.4

30.5

6.5

14.6

28.2

1989

127.3

0.0

0.0

127.3

30.5

6.5

4.7

28.2

1990

134.7

0.0

134.7

23.1

6.5

4.7

28.2

Year

corn

1988

134.7"

Nursery

Woodland

Does not contain area double-cropped.
Double-cropped with corn.

LO
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CHAPTER III.

METHODS AND MATERIALS

I. Selection of Study Areas

A list of potential study sites was compiled through

personal contacts, and through suggestions from personnel
of the Tennessee Wildlife Resources Agency (TWRA).

Landowners of these properties were informed of all

aspects of the study, and if they were interested in
participating, their property was evaluated according to
the following criteria:

(1) 150-300 ha unit composed of

agricultural, woodlands, idle, and grass cover types, (2)

adequate habitat to sustain a moderate to high quail
population, and (3) landowner control over access to
enhance monitoring the harvest of quail.

II.

Population Enumeration

Bobwhite populations were censused twice annually via
direct counts (Dimmick et al. 1982).

Censuses were

conducted just prior to or during the early phase of the

quail hunting season (fall), and immediately following its
closure (spring).

Censusing was conducted by 1 or 2
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team{s) of 4 to 10 persons walking abreast at

approximately 20-m intervals over the entire study area.
The middle person in the alignment served as team leader

and provided directional guidance by using a handheld
compass.

Field notes were kept on a detailed cover map.

The location of coveys flushed, number of birds per covey,

vegetation at the flush site, direction of flight, and
time of flushing were recorded.

In addition, observations

of cottontail rabbit (Sylvilacrus floridanus), white-tailed

deer, woodcock (Philohela minor), and avian and mammalian
predators were recorded.

Flushed coveys which were not

observed sufficiently well to estimate the number of birds

were assigned a mean value determined at the conclusion of
the census.

III. Testing of Census Technique

Dimmick et al. (1982) developed the direct count

census technique on 2 areas actively managed for
bobwhites.

These locations contained an array of highly

desired habitats.

Conversely, quail habitat on areas used

for the present study was limited mostly to narrow,

overgrown ditch banks, small woodlots with sparse

undergrowth, unmaintained woody fencerows, and idle areas
not used for agriculture.

Because of significant
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differences in habitat quality, it was necessary to
determine if the correction factor recommended by Dimmick
et al. (1982) was reliable for such habitat conditions.

Reliability was tested by applying the Lincoln-Petersen
Index (L-PI) to data obtained from a trapping and
harvesting program on the Jones study area.
Bobwhites were live-trapped during fall 1991 with 2and 4-funnel box traps constructed from 2.5 cm X 5.0 cm

welded wire and baited with whole kernel corn.

Trap

dimensions were similar to those described by Stoddard
(1931).

Trapping occurred just prior to and during the

early phase of the 1990-91 quail hunting season.

Traps

were distributed over that portion of the study area void

of cattle at an approximate density of 1 trap/4.0 ha.
Trap bait lines were pre-baited on 27 and 28 October.
Trap entrances were closed during the pre-bait period.
Traps were functional from 29 October to 18 November,
yielding 1140 trap days.

Traps were checked twice daily

beginning at 1000 and 1730 hours.

Captured quail were

sexed, aged, and fitted with a numbered aluminum leg-band
prior to release at the capture site.
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IV.

Population Reduction

Bobwhites were removed from experimental areas by

traditional hunting methods (shooting over a pointing bird
dog) in accordance with statewide quail hunting
regulations.

Landowners of control areas enforced a no-

quail-hunting policy for the duration of the study.
Total harvest was computed annually for each

experimental area by summing the number of bobwhites

harvested and crippled/unretrieved.

Crippled/unretrieved

birds included those displaying symptoms of being struck

by shot (i.e. feathered, dropped leg, impaired flight,
etc.) and those which were downed but unretrieved.

V. Collection of Harvest Data

Research investigators were responsible for

processing harvest data.

Landowners of experimental areas

were informed of pertinent biological information to be
collected in the event a research investigator was unable

to be present during a hunt.

The number of quail bagged,

number of crippled and unretrieved quail, and the sex and
age composition of the bag were recorded.

Hunters

contributed 1 wing from each quail for age determination.
Harvest information collected by landowners was
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periodically retrieved throughout the hunting season.
Harvest data collected by landowners of the McEwen
area and the Hogue (A) area were incomplete for seasons

1988-89 and 1989-90, respectively.

Consequently, harvest

data could not be confidently evaluated for all areas all
years.

VI. Measurement of Hunting Effort

Hunting effort was measured annually on 1
experimental area.

Hunting parties were contacted at the

conclusion of the hunt for the following information; hunt
date, number of hunters and dogs afield, and number of

hours spent hunting.

The number of coveys flushed, and

route of hunt were recorded when available.

The landowner

was informed of pertinent information to be collected in
the event a research investigator was unable to be present
during a hunt.

VII. Statistical Methodology

Correlation-Regression analysis (SAS Institute, Inc.
1985) was employed to test the relationships among hunting

and non-hunting mortality rates and selected bobwhite
population parameters.

Prior to each test, mortality data
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and bobwhite population data were converted to density
(birds/100 ha), paired, and pooled to enhance the veracity
of each model; mortality data served as the independent
variable in each test.

Population changes that occurred

over winter, over summer, and from fall to fall were the

dependent variables.

Statistical significance for all

comparisons was established at P < 0.05.
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CHAPTER IV.

RESULTS

I.

Testing of Census Technique

The direct count census technique was tested for

reliability by applying the Lincoln Index to a 2-sample
set of data.

The first sample was composed of captured

bobwhites that were banded and released at the capture

site.

The second sample was obtained by harvesting

bobwhites immediately following the trapping period.

The population present on the Jones study area in
fall 1990 was estimated by the LI formula N = Mn/m, where
M = number of bobwhites banded and released; n = total

number of bobwhites bagged; and m = number of banded

bobwhites bagged.

This area was selected for testing

because it best represented cover conditions existing on

all other study areas.

Also, the landowner resided and

worked on the property which lessened the potential for
interference during the trapping program, and reduced the
likelihood of unreported harvest information.
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Trapping

The 1990 trapping program yielded 15 different live-

trapped bobwhites and 1 depredated immature male bobwhite
(Table 9).

Sex and age composition of the captured sample

was 1 adult (female) and 14 immature (6 males and 8

females) bobwhites.

twice.

One immature male was recaptured

The number of bobwhites captured approximated 6%

of the estimated fall population.

Harvesting

Seventy-four bobwhites were harvested on the Jones

study areas during the 1990-91 statewide quail hunting
season.

Four banded individuals were harvested by

hunters, 2 were immature males and 2 were immature
females.

Relationship Between LI and Direct Counts Estimate
The standard L-PI was applied to these data to

determine the proportional relationship between L-PI and
direct counts estimate.

The fall 1990 L-PI population

estimate was 239 (95% confidence interval of ± 154.3).

One hundred-thirty bobwhites were flushed and counted
during the fall 1990 census.

Applying the correction

factor recommended by Dimmick et al. (1982) (number

flushed X 2) to the unadjusted flush count yielded an
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Table 9.

Bobwhite sex, age, and trapping incidents® on
the Jones study area, Warren County, Tennessee,
29 October - 18 November 1990.

Sex
Date

male

Age

female

adult

immature

11-07-90

1

0

0

1

11-10-90

0

4

1

3

11-13-90

1

0

0

1

11-14-90

2

0

0

2

11-16-90

1

1

0

2

11-17-90

3

4

0

7

Totals

8

9

1

16

One bird died in the trap, and 2 birds were recaptured.
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estimate of 260 birds, 108.8% of the L-PI estimate.

Though sample sizes were small, the similarity of the 2
estimates provided locally derived support for the
validity of the census technique.

II. Population Enumeration

Bobwhite populations were censused via direct counts

prior to (fall) and following (spring) annual hunting
seasons from 1987 through 1991.

Fall and spring census

data were adjusted twofold (Dimmick et al. 1982) and
converted to density expressed as birds per 100 ha.

i. Fall Density

Twenty-eight fall censuses were conducted from 1987

through 1991.

Censusing occurred from mid-October through

mid-November.

Abundance of bobwhites was estimated prior

to hunting with 1 exception.

In 1990, the Jones

population was censused 3 days after the season's opening
date.

Hunting was confined to opening day, with 14 birds

being harvested.

That year's fall abundance was

calculated by adding 14 to the adjusted census figure.
Fall densities varied appreciably among the 8 study
areas.

Much of the area-to-area variation likely resulted
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from differences in land use practices.

The highest

recorded fall density was 126 bobwhites per 100 ha on the
Hogue (B) area in 1990 (Table 10).

In contrast, the

lowest fall density was 16 birds per 100 ha on the

Titsworth area in 1988.

Thirty-two percent of densities

were less than or equal to 30 birds per 100 ha, 32% ranged
from 31 to 60 birds per 100 ha, and 15% ranged from 61 to

100 birds per 100 ha.

Five (18%) densities exceeded 100

birds per 100 ha; 3 were on the Jones area and 2 were on
the Hogue (B) area.

Both significant increases and declines occurred over
the summer period.

The highest recorded increase was

100.0% for the Titsworth population in 1989, while the
lowest was 16.5% for the Jones population in 1990.

In

contrast, declines varied from 4.3% for the Stewart

population in 1990 to 77.0% for the Hogue (B) population
in 1991.

Populations on both areas censused in 1988

declined sharply compared to 1987 levels, suggesting that
the decline in 1988 may have been regional in scope.
Trends in fall populations on the Jones, Titsworth,
and Stewart areas were evaluated for 4 or 5 years (Figure
10).

Each population exhibited different long-term

characteristics.

Following a sharp decline of 57.5% in

1988, the Jones population increased 90.2% in 1989.

This

was followed by a slight increase of 16.5% in 1990.

In

Table 10.

Fall bobwhite density (d, birds/100 ha) and percent change in density

from the preceding fall on the 8 study areas, 1987 - 1991.
1987

1988

Study
area

Jones

Titsworth
Graham

1989

%

%

d

change

d

120

51

-57.5

51

16

-68.6

d

1990

1991

%

O

change

d

change

d

change

97

90.2

113

16.5

103

-8.8

32

100.0

23

-28.1

27

17.4

20

0.0
65

44.4

25

20

Stewart

47

47

0.0

45

-4.3

McEwen

35

28

-20.0

49

75.0

42

80

90.5

67

-16.3

103

126

22.3

29

-77.0

38

23

-39.5
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Hogue (B)
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51

--

O
O

60

58

00

140

Jones

Titsworth

Stewart

120

100
CD
JC
O
O

IT 80
0)
CL

<n 60

c

0)

Q

LL 40

20

1987

Figure 10.

1988
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1990

Trends in fall density for bobwhite populations with at
least 4 consecutive years of estimates, 1987 - 1991.

1991
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1991, the population declined 8.8%.

Consistency best

characterized the Stewart population from 1988 to 1990.
During these years, the population varied only 4.3%.
Stewart population increased 44.4% in 1991.

The

After

declining 68.6% in 1988, the Titsworth population
increased 100.0% the following year.

During subsequent

years, the population declined (28.1% in 1990) and
increased (17.4% in 1991) slightly.
Annual mean calculations from 1987 through 1991

permitted an assessment of regional trends in fall density
(Figure 11).

The overall pattern of change was

characterized by an abrupt decline from 1987 to 1988
followed by consecutive years of modest increases.
Populations averaged 86 birds per 100 ha in 1987, the
highest mean fall density recorded.

Conversely, fall 1988

yielded 35 birds per 100 ha, the lowest mean density
recorded.

The average density increased in fall 1989 to

51 birds per 100-ha.

During 1990 and 1991, mean densities

were similar at 60 and 58 birds per 100 ha, respectively.

ii. Spring Density

Twenty-three spring censuses were conducted during
March from 1988 to 1991.

Bobwhite abundances were

determined following the closure of hunting season.
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Annual trend in mean fall density for bobwhites on the 8

study areas, 1987 - 1991.
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Spring densities varied from a high of 46 for the
Titsworth population in 1991 to a low of 0 for the Stewart

population in 1990 (Table 11).

The 1990 census of the

Stewart population was the only survey in which no birds
were flushed.

Collectively, spring densities were

moderately well distributed: 26% ranged from 0 to 10 birds

per 100 ha, 26% ranged from 11 to 20 birds per 100 ha, 13%
ranged from 21 to 30 birds per 100 ha, 22% ranged from 31
to 40 birds per 100 ha, and 13% exceeded 40 birds per 100
ha.

Spring-spring increases (n=7) and declines (n=6) in
density were similar in number over the course of the

study; however, increases were appreciably greater in
magnitude than were declines.

Increases varied from a

maximum of 514.9% for the Hogue (B) population in 1991 to
a minimum of 20.6% in 1989 for the Jones population.

By

comparison, declines ranged from 100% for the Stewart

population in 1990 to 9.8% for the Jones population in
1990.

The apparent disappearance of bobwhites from the

Stewart population in 1990 may have resulted from habitat
loss due to an extensive fall plowing program implemented
in late-1989.

Longer term trends in spring densities were evaluated
for the Jones and Titsworth populations (Figure 12).

Spring densities on the Jones area varied little over the

Table 11.

Spring bobwhite density (d, birds/100 ha) and percent
change in density from the preceding spring on the 8
study areas, 1988 - 1991.

1988

1989

study

1990

%

change

1991

%

change

%

change

d

d

Jones

34

41

20.6

37

-9.8

37

0.0

Titsworth

26

10

-61.5

14

40.0

46

228.6

6

19

216.7

13

-31.6

32

0

23

28

area

Graham
Stewart
McEwen

--

Hogue (A)
Hogue (B)
CJHC

X

--

—

—

30

22

—

d

-100

21.7

d

12

8

-71.4

20

34

70.0

7

43

514.9

15

5

-66.7

18

25

Percent change could not be calculated,
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course of the study.

Maximum and minimum densities varied

by only 7 birds per 100 ha. In contrast, spring densities
for the Titsworth population were quite variable.

Following an abrupt decline of 61.5% in 1989, the

Titsworth population rebounded moderately in 1990 with an
increase of 40.0%.

In 1991, the population increased

significantly with a gain of 228.6%.

Factors contributing

to the large increase in 1991 were unknown.

Regional trends in spring density were determined for
the period 1988 through 1991 (Figure 13).

From 1988 to

1990, mean spring densities declined 40.0% from 30 to 18

birds per 100 ha, respectively.

During these years, the

greatest decline (26.6%, 8 birds per 100 ha) occurred
between 1988 and 1989.

From 1990 to 1991, the average

spring density increased by 7 birds (38.9%) to 25 birds
per 100 ha in 1991.

iii. Relationship Between Fall and Spring Densities

Correlation-regression analysis was employed to

assess the relationship between fall and spring population
levels.

In each comparative test, the preceding

population level served as the independent variable.
Quail density in the fall significantly (P < 0.02)
affected the subsequent year's fall density (Figure 14).
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The relationship was positive, and expressed by Y = 23.38
+ 0.52X,

= 0.30.

The slope of the fitted least-square

regression line indicated that the estimated increase in
subsequent fall density from a 1 bird per 100-ha increase
in the previous fall was about 1/2 bird per 100 ha.

Fall

population levels were not significantly influenced by
preceding spring densities.

Spring quail densities were not independent of
preceding fall densities.

Fall population levels

significantly (P < 0.03) and positively affected
subsequent spring population levels (Figure 15).
Densities in spring increased an estimated 0.18 birds per
100 ha for every 1.00 bird per 100-ha increase in the

previous fall.
+ 0.18X,

The relationship was defined by Y = 12.44

= 0.21.

Spring density insignificantly

influenced spring density in the subsequent year.

II. Winter Reduction

Comparing fall and spring densities permitted
estimation of over-winter losses from 1987-88 through
1990-91.

Over-winter loss was not calculated for the

Titsworth population in 1990-91 because the spring density
estimate exceeded the previous fall estimate.

Winter

losses on the 8 study areas ranged from 0.0% for the
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McEwen population in 1989-90 to 100% for the Stewart

population in the same year (Table 12).

Winter loss

computed for these 2 populations may have been influenced

by egress and/or ingress.

Fourteen percent (n = 3) of

over-winter losses ranged from 0.0% to 30.0%, 36% (n = 8)

ranged from 30.1% to 60.0%, 41.0% (n = 9) ranged from
60.1% to 90.0%, and 9% (n = 2) exceeded 90.1%.

Over

winter losses were significantly (P = 0.06) and positively

influenced by fall densities (Figure 16).

Over-winter

losses increased an estimated 0.31 birds per 100 ha for

each 1.00 bird per 100-ha increase in fall densities.

The

equation for the relationship was Y = 37.96 + 0.31x,

=

0.17.

Bobwhites were hunted annually on 6 of the 8 study

areas.

Hunting mortality included the number of bobwhites

bagged and the number crippled/unretrieved (see Appendix
Table 15), referred to as the total harvest.

Incomplete

harvest records prevented calculating hunting losses for
the McEwen area in 1988-89 and for the Hogue (A) area in
1989-90.

Hunting losses for populations with complete

harvest records reduced fall levels from 3.4% for the

Stewart population in 1989-90 to 93.9% for the McEwen

population in the same year (Table 12).

Hunting removed

less than 50% of the population in 87% (n = 15) of the

cases.

Harvest was not significantly influenced by fall

Table 12.

Fall population losses (%) of bobwhites over winter, including mortality from
hunting and from causes unrelated to hunting, on the 8 study areas, 1987-88 to
1990-91.

1987-88

Study

Winter

area

loss

Jones

71.7

Titsworth"

49.0

Graham
Stewart

McEwen

Hogue (A)

Hogue (B)®
CJHC

^

Total Nonhunting
harvest mortality
19.9

--

--

--

--

--

--

--

--

--

--

--

X^( hunted)

71.7

X(nonhunted)

49.0

1988-89

51.8

19.6

49.0

37.5

Total
harvest

16.3
--

Nonhunting
mortality

61.9

37.5

56.3

22.0

54.0

31.9

21.5

10.4

34.3

unk"

unk'^

--

--

--

--

--

51.8

42.5

49.0

37.5

Winter
loss

3.3

76.0

--

--

19.9

Winter
loss

1989-90

19.9
--

--

--

--

Total
harvest

5.0
100

0.0
52.4
93.2
60.5

22.6

74.1

37.5

74.8

24.6
--

14.7
3.4
93.9

unk"
--

12.9

13.6
--

1990-91

Nonhunting
mortality

Winter
loss

37.3

67.3

56.3

unk"

Total Nonhunting
harvest mortality
30.3
--

37.0

unk"

unk*^

35.0

88.7

unk"^

96.6

73.3

10.7

62.6

83.7

47.3

36.4

unk"

57.5

29.5

28.0

93.2

65.9

47.6

78.3

unk'

60.5

72.0

74.8

65.9

--

7.8

25.1
--

65.9
70.5

46.9
65.9

Nonhunted area.

'' Spring census yielded a higher count than the fall census.

Could not extrapolate because total harvest exceeded winter decline.

'' Harvest data was incomplete, therefore, natural mortality would have been misrepresented.
®

Computations based on areas in which all mortality parameters were determined.
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density.

Hunters on some areas were urged to harvest as

many birds as possible, so that a wide range of harvest
levels could be obtained.

The difference between fall population loss over
winter and total harvest was assumed to represent non-

hunting mortality, though obviously ingress or egress
could have influenced this statistic.

Non-hunting

mortality could not be calculated for the McEwen area in
1988-89 and for the Hogue (A) area in 1989-90 due to

incomplete harvest records.

Over-winter losses from non-

hunting mortality for exploited populations varied from a
maximum of 96.6% on the Stewart area in 1989-90 to a

minimum of 3.3% on the Jones area in 1988-89 (Table 12).

By comparison, non-hunting mortality reduced fall levels
of unexploited populations from 37.5% on the Titsworth
area in 1988-89 to 93.2% on the Hogue (B) area in 1989-90.

Non-hunting mortality for all populations was
insignificantly influenced by fall density.

Exploited populations with complete sets of mortality
data permitted a comparison of annual hunting and non-

hunting mortality rates.

Non-hunting mortality exceeded

hunting mortality in 8 (67%) of the 12 comparisons.
Differences between hunting and non-hunting mortality
rates varied from nominal (e.g. Jones and Hogue (A)

populations in 1990-91) to significantly large (e.g.
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Stewart population in 1989-90).

Correlation-regression

analysis indicated that hunting and non-hunting mortality
rates for exploited populations were negligibly
correlated.

Mean calculations for hunted and non-hunted

populations permitted a long-term evaluation of

exploitation.

Only hunted and non-hunted populations with

complete sets of mortality data were employed for mean
computations.

In 1987-88, winter loss was 71.7% for

hunted populations and 49.0% for the non-hunted

populations.

Non-hunting mortality was similar for hunted

(51.8%) and non-hunted (49.0%) populations.

The 19.9%

loss from hunting in winter 1987-88 accounted for the
difference in over-winter loss, suggesting that hunting
mortality was at least partially additive.

From 1988-89

through 1990-91, mean losses over winter were negligibly
different for exploited and unexploited populations.

Non-

hunting mortality for unexploited populations was

considerably greater than for exploited populations on the
average.

The combination of hunting mortality and non-

hunting mortality for exploited populations was similar to
non-hunting mortality for unexploited populations.
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III. Summer Gain

Comparisons of spring and fall population levels
permitted calculation of percent change on the 8 studyareas from 1988 through 1991.

Of the 19 summer changes

measured, 15 were increases varying from 5.3% for the
Graham population in 1990 to 300.0% for the Hogue (A)
population in the same year (Table 13).

The unrealistic

gain determined for Hogue (B) in 1990 was excluded from
these calculations.

Nine (60.0%) of the 15 over summer

increases ranged from 0.0% to 150.0%, 5 (33.3%) ranged
from 151.0% to 300.0%, and 1 (6.7%) exceeded 300.0%.

Spring density exceeded subsequent fall density on 3
of 19 occasions.

The Titsworth population declined 38.5%

in 1988 and 41.3% in 1991.

The Hogue (B) population

declined 32.6% in 1990.

Both of these populations were

unexploited by hunting.

Unusually dry summer conditions

likely accounted for at least part of the decline on the
Titsworth area in 1988 [National Oceanic and Atmospheric
Administration (NCAA) 1987, 1988, 1989, 1990, 1991] (see

Appendix Table 16).

Reason(s) for the other spring-fall

declines were not apparent.
The relationship between spring population level and

percent summer change was determined via correlationregression analysis excluding 1990 Hogue (B) data.

Spring

61

Table 13.

Percent changes over summer of bobwhite
populations on the 8 study areas, 1988 - 1991

Study
area

Jones

1988

1989

1990

1991

50.0

136.6

205.4

178.4

(S=34;F=51)® (S=41;F=97) (8=37;F=113) (8=37;F=103)
Titsworth

-38.5

(S=26;F=16)
Graham

--

220.0

64.3

(8=10,•F=32) (8=14;F=23)
233.3

-41.3

(8=46;F=27)

5.3

(8=6;F=20) (8=19;F=20)
Stewart

--

McEwen

--

46.9
(^)
(8=32;F=47) (8=0;F=45)
21.7

441.7
(8=12;F=65)

75.0

(8=23;F=28) (8=28;F=49)

Hogue (A)

--

--

300.0
(8=20;F=80)

Hogue (B)

--

--

1700.0

97.1
(8=34;F=67)

-32.6

(8=7;F=126) (8=43;F=29)
CJHC

--

--

53.3

(8=15;F=23)

X

5.8

131.7

343.3

128.7

(117.2)=

^

Spring (8) and fall (F) densities, expressed as birds
per 100 ha.

^

Spring census yielded a count of 0; therefore, the
percent change was incalculable.
Mean calculation without Hogue (B) population data.
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density inversely influenced summer gain (P < 0.03)
(Figure 17).

Bobwhite populations compensated for lower

spring population levels through increased recruitment,
and for greater spring levels through decreased
recruitment.

The slope of the fitted least-squares

regression line indicated an estimated recruitment of plus
or minus 5.30 birds per 100 ha for each 1.00 bird per 100-

ha increase or decrease in spring density.

The predictive

equation for the relationship was Y = 243.03 - 5.31x,

=

0.28.

IV. Effects of Over-Winter Loss, Hunting
Mortality, and Non-hunting Mortality
on Measured Population Parameters

i. Over-winter loss

A negligible relationship existed between hunting and
non-hunting mortality rates.

Accordingly, losses from

each form of reduction were paired with corresponding over
winter losses and tested separately.

Proportions removed

by hunting had an insignificant influence on over-winter
loss.

Conversely, the loss of quail over winter was

directly influenced by non-hunting mortality (P < 0.05)
(Figure 18).

Losses over winter increased an estimated

0.74 birds per 100 ha in response to each 1 bird per 100-

500
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ha increase in non-hunting mortality.

The predictive

equation was defined by Y = 27.99 + 0.74x, Ri = 0.66.
Total mortality accounted for 81% of the variation in
fall population decline over winter.

Sixty-six percent of

the variation resulted from non-hunting mortality (Ri =

0.66); hunting mortality accounted for 15% (Rf = 0.15).
Additional variation in the over winter decline was

attributed to error associated with each comparative model

and/or to factors unrelated to hunting and non-hunting
mortality.

ii. Summer Gain

Summer gain was unaffected by over-winter loss.

Neither hunting nor non-hunting mortality significantly
affected summer gain, suggesting that summer gain was

influenced by factor(s) other than the effects of winter
mortality.

iii. Spring Density

Partitioning of over-winter loss revealed that quail
density in the spring was inversely affected by non-

hunting mortality (Y = 38.75 - 0.36x, Rf, = 0.36) (P <
0.02) (Figure 19), and negligibly affected by hunting

Y = 38.75 - 0.36X
R =0.36

c
0)

P < 0.02

Q
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c
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Figure 19.
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mortality.

Spring density declined an estimated 0.36 bird

per 100 ha for each 1.00 bird per 100-ha increase in nonhunting mortality.

iv. Fall Density and Fall-Fall Change

Over-winter loss did not affect changes in quail
density from one fall to the next fall.

Annual changes in

fall density were unaffected by hunting mortality and nonhunting mortality.

Subsequent fall densities were not

influenced by total over-winter loss, nor by hunting
mortality or non-hunting mortality examined independently.

V. Hunting Effort

The pressure (gun hours) exerted by hunters in

pursuit of quail was used to evaluate hunting effort.
Hunting effort was measured annually on the Jones study
area, beginning with the 1987-88 season and ending with
the 1990-91 season.

Information for some of the variables

used to quantify hunting effort was collected
inconsistently by the landowner, allowing only anecdotal
evaluation in some instances.

Consequent to the

inconsistency in data collection, some data for some
variables were prorated via summing the empirical data for
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each year then dividing by the number of empirical data
for that year.

Trips afield by parties hunting the Jones area varied
little annually, with the exception of the 1988-89 season
in which only 5 trips afield were recorded (Table 14).
Hunters pursued quail during all 4 months of the season,
with much of the hunting occurring during weekends and

holiday periods.

Hunters did not strongly favor hunting

early in the season or late.

Hunters did, however, hunt a

few more days in January and February than in November and
December, perhaps in response to our urging them to hunt
the area more often and harvest as many birds as legally
possible.

The number of hunters per party on the Jones area

ranged in size from 1 to 4 (Table 14).

The average number

of hunters per party per year differed negligibly from 2.4
in 1989-90 to 3.0 hunters in 1987-88 and 1988-89.

Parties

spent from 2.0 to 6.0 hours hunting each time afield.

The

total number of trips afield and hours spent afield varied
little for years 1987-88 (11 and 49.5), 1989-90 (11 and
52.5), and 1990-91 (12 and 52.0).

Trips afield and hours

spent afield during the 1988-89 hunting season were

appreciably fewer than during other seasons, with a total
of 5 trips afield and 22.5 hours spent hunting quail.

The

average number of hours hunters spent afield per trip per

Table 14.
Season/
date

Hunting and harvest data for bobwhites on the Jones
study area, Warren County, Tennessee, 1987-88 to 1990-91
#

hunters

afield

# hours
afield

Gun

Total

Hunter

hours

harvest

success®

Coveys
flushed

1987-88
11-22

3

4.5

13.5

12-22

3"
3b

13.5"
13.5"
13.5"

12-29

3"

4.5''
4.5"
4.5"

12-31
01-01

2

4.0

01-03

3"
3"

01-16

13
2

0.9

5

4"
4"
4"

2

0.5"
0.5"
0.5"

8.0

4

0.5

2

4.5"
4.5"

13.5"
13.5"

4

6

0.5"
0.5"

4"
4"

4

5.0

20.0

3

0.2

4

02-01

3"
3"

02-20

3''

13.5"
13.5"
13.5"

5

02-06

4.5"
4.5"
4.5"

0.5"
0.5"
0.5"

4"
4"
4"

49.5=

149.5=

5.6=

43=

4.5=

13.6=

4.5"
4 . 5"
4.5"
4.5"
4.5"

13.5"
13.5"
13.5"
13.5"
13.5"

22 .5=

67.5=
13.5=

12-28

Total

Avg,/Trip

33"^
3.0"=

4

4

6

55
5.0

0.5=

3.9=

0.5"
0.5"
0.5"
0.5"
0.5"

4"
4"
4"
4"
4"

2.5=
0.5=

20=

1988-89
11-24

12-16
01-04
01-14

02-04
Total

Avg./Trip

3"
3''
3"
3^^
3''
15=
3.0=

4 . 5=

5

3
5

4
2
19
3.8

4.0=
(Tl

Table 14.

Season/
date

1989-90

hours

(cont.)
# hours
afield

success®

Hunter

flushed

Coveys

4"
4"
4"
4"

Total
harvest

3

0.5"
0.5"
0.5"
0.5"

4

4"

8

0.6

7

8

0.2

0.7

2

5

2

24.0

6

6
3

5

13.5"
13.5"
13.5"
13.5"

0.5"
0.5"
0.5"
0.5"

4"
4"
4"
4"
4"
157.5=

0.5

1.0

4"
4"

4.0=

44=

16

7

7

5.5=
0.5=

16.0

13

0.8

5.0

24.0

14

0.3

3

4"

14.3=
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13.5
12.0

Gun

# hunters
afield

1

2

11-23
12-08
2

13.5"
13.5"
13.5"
13.5"

2
4.5

4.5"
4.5"
4.5"
4.5"

12-10

3

01-05
01-15

6.0
6.0

2
2

4

02-06
02-17

02-12

2

3"
3"
26=
2.4=

18.0

3

0.5"
0.5"

01-13

4.0
3

4

6.0
6.0

9.0

4

0.1

4

2

4.5

13.5"
13.5"

2

52.5=
4.8=

4.5"
4 . 5"
4.5"
4.5"

02-24
no date
no date

Total

Avg./Trip
1990-91
11-20

3

4.5"
4.5"

15.0
8.0

11-10
11-30

3"

5.0

13.5"

01-18
01-26
02-05

12-05

3

4.5"

4.0
02-08

1

6

0.5"

0.8

1

4"

2
2

0.3

4"

2

8.0

4

10

1

2.0

02-09

o

Table 14.

Season/
date

(cont.)

# hunters
afield

# hours
afield

Gun

Total

Hunter

hours

harvest

success®

Coveys
flushed

1990-91
02-12

2

3.0

6.0

3

02-22

2

4.0

8.0

5

0.5
0.6

79
6.6

6.4°
0.5°

Total

Avg./Trip

33°
2.8°

52.0°
4.3°

152.5°
12.7°

1

3
44°

3.7°

Total harvest per gun hour.
b

Prorated data, extrapolated by summing actual data for all

years divided by the number of actual data for all years.

Calculated from actual and prorated data.

H
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year ranged only from 4.3 hours in 1990-91 to 4.8 hours in
1989-90.

Hunting pressure per individual hunt varied from 6.0
to 24.0 gun-hours (product of party size and hours afield)
over the 4 seasons (Table 14).

The Jones area was hunted

fewer times during the 1988-89 season, consequently,

hunting pressure during that season (67.5 gun hours) was
considerably less than other seasons.

Hunting pressure

was similar for years 1987-88, 1989-90, and 1990-91,

ranging from 149.5 gun-hours in 1987-88 to 157.5 gun-hours

in 1989-90.

The average number of gun-hours per trip

afield differed negligibly among years from 12.7 in 199091 to 14.3 in 1989-90.

It was difficult to interpret hunting pressure over
the course of seasons 1987-88 through 1989-90 due to the

lack of reported data.

However, the number of gun hours

per trip afield during the 1990-91 season declined
discernibly throughout the season, evidenced by real data.
The decline in hunting pressure likely resulted from
hunters locating fewer coveys as the season progressed

which may have been precipitated by the cumulative effect
of heavy hunting pressure early in the season.
Hunters harvested (retrieved and crippled) 19 (198889) to 79 (1990-91) bobwhites per year on the Jones area

(Table 14).

Hunters downed 1 to 16 bobwhites each time

73

afield.

The average number of harvested birds per trip

afield differed from a low of 3.8 in 1988-89 to a high of
6.6 bobwhites in 1990-91.

The 1990-91 season was the only-

year which showed a discernible decline in the harvest per
trip over the course of the season.

This may have

resulted from fewer coveys being flushed.

Moderate

fluctuations best characterized the trend among daily
harvests during the other 3 years.

Hunter success was expressed as quail harvested per

gun hour.

Hunter success ranged from 0.1 to 1.0 bobwhites

over the 4 seasons (Table 14).

The average harvest per

gun hour was consistent for all years, with 0.5 bobwhites.
Hunter success tended to be slightly greater during the
first few weeks of the hunting season, with the harvest

per gun hour fluctuating moderately throughout the balance
of the season.

Total covey flushes were similar for seasons 1987-88
(43), 1989-90 (44), and 1990-91 (44) (Table 14).
the 1988-89 season, 20 coveys were flushed.

During

The average

number of covey flushes per trip afield differed little
among years from 3.7 in 1990-91 to 4.0 in 1988-89 and
1989-90.

It was difficult to interpret trends among covey

flushes per season for most years because of inconsistent
data collection.

Although data were sparse and

inconsistent, the 1990-91 season was the only season
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demonstrating a noticeable trend in the number of coveys
flushed while hunting.

Reported covey flushes revealed a

steady decline from late November through late February.
The number of coveys flushed the first and last

days of the 1990-91 season were compared with covey
flushes recorded during fall and spring censusing,

respectively, to evaluate hunter/covey encounters.

Ingress and egress by coveys were considered minimal due
to the poor habitat conditions surrounding the Jones study

area.

Eleven coveys were flushed during fall censusing

compared with 7 covey flushes recorded for the third hunt
date (the first time the number of covey flushes was

reported); a 12-day lag period occurred between fall
censusing (18 November) and the first hunter report (30
November).

This comparison, though not entirely

conclusive, suggests that hunters did not encounter all
coveys on the area on the 30 November hunt date.

Similarly, hunters may not have encountered all coveys on
the last hunt date, evidenced by a comparison of covey
flush data recorded for the last hunt date (3 coveys) and

from flush data recorded during spring censusing (4

coveys); the last hunt date was 22 February and spring
censusing occurred on 9 March.
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CHAPTER V.

DISCUSSION

I.

Population Enumeration

Bobwhite population densities vary markedly
throughout the species' geographic distribution.

Within a

local area, densities may vary widely over time (Dimmick
1992).

Densities are typically highest in the coastal

plain of the Southeast (Rosene 1969, Kellogg et al. 1972),

in the southern plains of Texas (Guthery 1986), and in the
mid-South where row crop and forest lands are
interspersed.

At the other extreme, bobwhite densities

are typically lower along extremities and in northern
portions of the species range (e.g. Mosby and Overton
1950, Lay 1952, Murray 1958, Kabat and Thompson 1963).

Weather and land use practices significantly influence

bobwhite densities and their stability throughout the
species' broad distribution.
Tennessee's physiographic and agricultural
diversities influence bobwhite population levels across
the state.

The western portion of the state is relatively

flat and characterized primarily by row crop farming, a
land use favorable for quail.

In contrast, the topography
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in the portions of middle and eastern Tennessee where my
study areas were situated is primarily rolling hills with
level flood plains.

Agriculture is principally livestock

and/or rowcrop production, which under certain operations
may produce conditions less favorable to quail.
Population levels on areas used for this study were
similar to those reported in past studies conducted in the
same portions (middle and eastern) of the state (Burt
1976, Coppinger 1981).

However, these densities were

considerably lower than those in western Tennessee, as
reported by Dimmick (1992) and Dimmick et al. (1982).
Moderate annual fluctuations in fall and spring
population levels likely reflected the relative stability
of habitat conditions, as well as the lack of prolonged
periods of inclement climatic conditions that prevailed
throughout the duration of the study.

Overall, weather

extremes encountered during the study did not appear
sufficient to cause dramatic changes in population levels;
however, summer 1988 was unusually dry compared to other
summers during the study (NCAA 1987, 1988, 1989, 1990,

1991).

The dry conditions likely accounted for at least

part of the decline of bobwhites on my study areas from
fall 1987 to fall 1988.

Krebs and Myers (1974), through a study of small

mammal populations, concluded that population buildups
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result from either gradual increases over a period of
several cycles, or from immediate, single cycle bursts.

A

computer-generated depiction of mean annual densities

indicated that the former best represented buildup on a
regional level; however, the pattern of buildup on an
individual population basis varied markedly.

Population

behavior also indicative of the former pattern was
reported by Roseberry and Klimstra (1984) for a quail
population in southern Illinois.
It was hypothesized by early quail researchers that
spacial tolerances would preclude densities from exceeding
more than 2.5 birds per ha (1 bird per ac) (Stoddard 1931,
Leopold 1933, Rosene 1969).

However, Ellis et al. (1969)

suggested that this population level could be exceeded
markedly through the implementation of habitat enhancement
strategies.

Fall densities exceeding 5 birds per ha (2.0

birds per acre) have been reported on areas intensively
managed for quail (Kellogg et al. 1970, Kellogg et al.

1972, Dimmick et al. 1982, Guthery 1986).

Densities at or

near the 5 birds per ha level are more the exception than
the norm.

Roseberry and Klimstra (1984) summarized

densities from numerous studies conducted throughout much
of the bobwhite's range.

Most of these studies reported

population levels ranging from 25 to 94 birds per 100-ha,
with extreme densities of 14 and 164.

Fall densities
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determined for my study populations varied from 20 to 126
per ICQ ha; 5 of 28 fall levels exceeded one bird per ha.
The fall abundance of bobwhites on the Ames

Plantation in western Tennessee has been monitored by R.
W. Dimmick since 1966.

Data for years 1987 through 1991

reveal a steady decline in the population from 140 to 64
bobwhites per 100 ha (Dimmick 1992, Dimmick per. comm.
1994).

By comparison, mean annual densities calculated

for my study areas reveal a steady increase in the fall
bobwhite population following an abrupt decline from fall
1987 to fall 1988.

Dimmick (per. comm. 1994) attributed

the decline of the Ames Plantation population to the

conversion of old field types to land used for rowcrop
production.

Annual population increases and declines are common
phenomena among all species.

Hickey (1955) commented that

gallinaceous bird populations on good range typically
incurred increases not more than 100% and declines of less

than 50%.

Among fall-fall changes yielding measurable

differences in my study, 8 were increases ranging from
17.4% to 100% and 10 were declines varying from 4.3% to
77.0%.

Fall densities did not change on the Stewart area

between 1988 and 1989, nor on the Graham area between 1989

and 1990.

Quail populations on some of the areas yielded

very high percentage increases and declines without much
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difference in the estimated number of birds, reflecting
the small number of birds on these areas.

Spring densities were consistently lower than
preceding and succeeding fall densities, with the
exception of the Titsworth population in 1988.

The

population declined from 26 birds per 100-ha in spring
1988 to 16 in fall 1988.

In spite of the wide array of

intrinsic and extrinsic variables which exhibit some

potential for adversely influencing seasonal population
levels, no definitive explanation for the decline could be

given.

Dimmick (1974) reported a 2.5% decline from spring

to fall for one year for the population he studied in
western Tennessee.

Dimmick concluded that the over-summer

decline likely resulted from reduced nesting effort due to
poor condition of breeding birds.

Roseberry and Klimstra (1972) reported a positive
correlation between fall and ensuing spring densities in

southern Illinois from 1952 through 1972.

Fall densities

for my study populations had a significant positive
influence on spring densities and on subsequent fall

densities, indicating a density dependent mechanism
operating between fall density and ensuing spring and fall

densities.

Spring density increased an estimated 0.18

birds and subsequent fall density increased an estimated
0.52 birds for each 1 bird per 100-ha increase in fall
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density.
Paul Errington is credited for many of the prevailing

concepts pertaining to population dynamics in game birds.
One such concept, later deemed "winter bottleneck" by
Wagner et al. (1965), relates over winter losses to fall
population levels.

Errington (1945) reasoned that when a

population increased beyond the capacity of available
habitat, losses over winter increased accordingly.

In

addition, he suggested that fall population densities were
usually quite variable and that late-winter population

densities were generally stable.

Roseberry and Klimstra

(1984) examined several bobwhite studies conducted in
areas where late-winter habitat conditions are severe

enough to produce late-winter bottlenecks.

They based

their evaluation on "a high negative correlation between
fall densities and fall-spring percent loss, absence of a
strong correlation between fall and following spring
densities, and greater variation in the former than the
latter."

Roseberry and Klimstra failed to find

overwhelming evidence supporting late-winter bottleneck
effect in the studies they examined.

Examination of

populations used for my study, using criteria employed by

Roseberry and Klimstra (1984), revealed that (1) increased
fall densities resulted in increased over-winter losses (P

= 0.06); (2) spring densities were not independent of
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preceding fall densities (P < 0.03); and (3) fall

densities were more variable than spring densities (P <
0.05).

These relationships indicate that the populations

I examined exemplified 2 of the 3 characteristics
indicative of those associated with late-winter
bottleneck.

II. Summer Gain

Previous research on quail productivity has suggested

that summer and/or winter climatic conditions may
influence annual production.

Inclement environmental

events such as hot, dry spring and summer conditions
negatively impact production in the south (Reid and
Goodrum 1960, Speake and Haugen 1960, Rosene 1969,

Roseberry and Klimstra 1972, Stanford 1972), while winter
weather conditions adversely influence production,
particularly in regions where the climatic regime includes
frequently occurring snowfalls that persist over several
days (Kabat and Thompson 1963, Roseberry and Klimstra
1972, Stanford 1972).

While less favorable environmental

events such as hot, dry periods, winter snows, and singledigit cold spells occurred during my study, extremes were
short-lived, with the exception of summer 1988.

In

comparison to other summers over the course of the study.
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summer 1988 was unusually dry (NOAA 1987, 1988, 1989,
1990, 1991), and these conditions may have at least
accounted for some of the decline in production that
occurred on both study areas.

Negligible differences in mean summer gains existed
among the years of 1989 (131.7%), 1990 [117.2% without

Hogue (B) data], and 1991 (128.7%).

The mean summer gain

of 5.8% for 1988 was substantially lower than for all

other years.

However, in 1988 only 2 areas were studied,

and the populations on these 2 areas were markedly
different; a gain of 50.0% occurred on the Jones area and
a decline of 38.5% on the Titsworth area.

Mosby and

Overton (1950) reported summer production varying from 66%
to 502% on a 2,200-acre study area in Virginia over a 6year time span.

Dimmick (1974) recorded an average summer

gain of 31.3% over a 7-year period in western Tennessee.

Summer gains reported by Roseberry et al. (1979) varied
from 6% to 138%, and averaged 70% over an 8 year period in
southern Illinois.

The variability in summer gains that

occurred in my study populations and in previously cited
studies indicates that annual recruitment varies on a

local scale as well as throughout the bird's broad

geographic distribution.

Summer gains must equal losses over winter for a
population to maintain equilibrium.

Gains on my 8 study
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areas equalled or exceeded winter losses in 14 of 16
comparisons, indicating that summer gains compensated for
winter losses most years.

It is unknown if compensation

occurred as a result of increased reproduction, ingress,

or both.

It is suspected, however, that reproduction

occurring on the area accounted for most annual

recruitment because of the apparent absence of suitable
nesting habitat on surrounding farms with less favorable
land use practices (e.g. extensive cattle grazing, large,

low-cut fescue pastures, conventional rowcropping

practices, absent idle land, cleared fencerows, etc.).
Winter losses exceeded following summer gains on the
Jones area in 1987-88 and on the McEwen area in 1988-89.

During 1987-88, the Jones area population recorded its
largest winter decline (71.7%), highest non-hunting

mortality (51.8%), and a modest harvest level (19.9%).
These data suggest that summer gain was adversely

influenced by the large winter loss.

On a regional basis,

however, over winter losses did not correlate with summer
gain.

A comparison between spring density and summer gain

revealed a strong inverse relationship.

Study populations

compensated for lower spring densities through increased
recruitment, and for greater spring densities through
decreased recruitment.

This relationship was recognized
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early by Errington (1934) through research on bobwhites
conducted in Iowa and Wisconsin; he termed the

relationship as the "inversity principle" (Errington
1945).

Roseberry and Klimstra (1984) stated that

following "inflated" losses over winter, the Illinois

population they studied responded by increased
reproduction.

Several other bobwhite studies have

reported an inverse relationship between summer gain and

spring density (Kabat and Thompson 1963, Roseberry and
Klimstra 1972).

Sixteen of the 19 summer changes were gains.

The 3

over-summer declines (i.e. spring population level
exceeded the subsequent fall level) occurred on areas

unexploited by hunting; reasons for such occurrences could
not be explained.

Dimmick (1974) reported a l-year

decline of 2.5% from spring to fall for a lightly hunted
population in western Tennessee.

He attributed the

occurrence to reduced nesting effort due to poor condition
of breeding birds.
The summer gain on the Hogue (B) area in 1990 was
calculated as 1700.0%.

Based on gains from other years

and from other areas, the increase was likely a gross
over-estimation of the probable change on the area.

It

was suspected that the increase resulted from something
other than reproduction that occurred on the area.
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consequently that year's summer gain was considered an
"outlier", and excluded from all analyses.

III. Effects of Over-winter Loss, Hunting
Mortality, and Non-hunting Mortality
on Measured Population Parameters
Hunting seasons for quail differ from state to state
and vary appreciably from region to region (Dimmick 1992).
For example, quail hunting seasons in the Midwest usually
last from 30 to 50 days, extending from early November

through early January.

In contrast, season length in

southern states is much less restrictive, with seasons of

100 to 120 days being common.

Seasons in the South

typically extend from early November through February; in
some states in some seasons extend into early March.
Differences in winter climatic regimes may account for
much of the variation in season length between the Midwest
and the South.

Roseberry and Klimstra (1984) stated that

"the most consequential weather factor for bobwhites in
the Midwest is prolonged snow coverage of sufficient depth

to cover a major portion of their winter food supplies."
Numerous field studies conducted in more northerly

extremes emphasized the strong impact that prolonged snow
coverage had upon winter losses of bobwhites (e.g. Mosby
and Overton 1950, Latham and Studholme 1952, Kabat and

Thompson 1963, Roseberry and Klimstra 1972).

Widespread
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ice storms occur in the middle and upper South, but with
much less frequency than snow in the Midwest.

Coverage

from heavy ice storms may persist for up to a week, and

may pose a serious threat to bobwhites by reducing the
availability of critical foods, thereby, increasing the

susceptibility of less vigorous birds to predation.

While

winter storms and cold periods occur over much of the
South, extreme conditions only infrequently suffice to
produce dramatic population changes.

Population characteristics measured during this study
were not correlated with corresponding harvest rates, as
determined by correlation-regression analysis.

Anderson

and Burnham (1981) considered this form of analysis
inappropriate for comparing harvest and survival in
waterfowl, and criticized its use by Roseberry (1979).
Roseberry (1981), however, argued that correlationregression analysis was an applicable and acceptable

approach for comparing hunter harvest and corresponding

winter mortality, and for determining either additivity or
compensation.

Several of the measured population characteristics
were influenced appreciably by non-hunting mortality;

however, the segment of the season in which non-hunting
losses were most significant was unknown since
instantaneous mortality rates were not measured.

However,
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past research has demonstrated that much of non-hunting
losses occur in the latter portion of winter, primarily
because of the considerable deterioration of natural and

agricultural vegetation over the course of winter
(Roseberry 1979, Roseberry and Klimstra 1984).

Roseberry

and Klimstra (1984) found that non-hunting mortality was
greatest in Illinois during January through March.

Curtis

et al. (1988) reported a similar time frame for nonhunting mortality in Florida; however, they found that
most non-hunting losses resulted from avian and mammalian
predation.

Burger et al. (1995) concluded that predation

was the primary cause of mortality among radio-marked
bobwhites in Missouri.

They reported a high incidence of

avian predation, particularly on males, from fall to
spring and increasing predation by mammals from spring to
fall.

Roseberry (1979) reported that a high proportion of

total winter mortality occurred just prior to the breeding
season for the hunted population he studied in southern
Illinois.

Over-winter losses for exploited populations were
influenced strongly by non-hunting mortality.

Non-hunting

mortality accounted for more than two-thirds of average
over-winter losses, with hunting contributing about onethird of losses.

Of the 12 instances in which both

hunting and non-hunting mortality rates were calculated.
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non-hunting mortality equalled or exceeded hunting

mortality in 8 of the comparisons.

On a regional basis,

hunting mortality was consistently lower than non-hunting
mortality in each of the 4 seasons.

Curtis et al. (1988)

reported that in Florida non-hunting mortality,
specifically avian and mammalian predation, accounted for
81% of winter mortality among radio-transmittered
bobwhites, and 19% resulted from hunting.

Roseberry and

Klimstra (1984) calculated an average winter decline of

63.4% over a 27-year period in Illinois.

They estimated

that 66% of losses during the hunting season (mid-November

through early January) resulted from hunting and that 11%
was contributed by non-hunting causes.

Roseberry and

Klimstra (1984) further noted that the remaining losses

(22%) occurred after the closure of hunting season

(through March).

They attributed a significant proportion

of post-seasonal losses to exposure, resulting from
habitat deterioration caused by "killing frosts and

harvesting operations" primarily.
Over-winter losses for unexploited populations in my

study ranged from a low of 37.5% to a high of 93.2%.

This

range of reductions was considerably higher than that
reported for a lightly hunted population in western
Tennessee (Dimmick 1974).

Differences in available winter

habitat may explain much of the variation in losses
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between this study and Diitimick's.
contributed in some cases.

Egress may also have

Losses over winter for my non-

hunted populations were similar to those for essentially
non-hunted populations in Virginia (Mosby and Overton
1950) and Wisconsin (Kabat and Thompson 1953).
Early quail researchers recommended permitting
harvest rates of 30% to 55% of fall populations (Leopold

1933, Errington and Hamerstrom 1935, Baumgartner 1944).
Years later, Vance and Ellis (1972) concluded that an

approximate average harvest rate of 65% over a 7-year
period had no deleterious effect on subsequent population
levels in Illinois.

Roseberry (1979) provided evidence

through simulations consisting of a series of 100-year
runs of harvest rates ranging from 0% to 80% that hunting-

related reductions exceeding 50% adversely affected
"standing densities" in southern Illinois bobwhites.

Reductions from hunting for populations with complete
mortality data recorded for this study were consistently
under 50%.

Therefore, assuming Roseberry's model has

outside applicability, harvest rates determined for this
study should not have been sufficient to adversely

influence subsequent population levels.

A comparison of

hunting and non-hunting mortality rates indicated that
exploitation by hunting on a regional basis was likely
compensatory from 1988-89 through 1990-91.

In 1987-88,
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comparison of the 1 hunted area and 1 non-hunted area
suggested that hunting was likely an additive form of

reduction; however, subsequent spring and fall population
levels for the exploited population did not appear to be
adversely impacted.
Vulnerability of a quail population to harvest may be
accentuated by factors unrelated to population density or
hunting pressure (Roseberry and Klimstra 1984).

Though

these factors were not evaluated directly in this study,
they do warrant discussion.

Factors such as late-season

harvesting (Roseberry and Klimstra 1972, Roseberry 1979)
and differential sex-age harvest rates (Pollock et al.
1989, Shupe et al. 1990, Roseberry and Klimstra 1992) have

been investigated.

The concern expressed over late-season

harvesting is that in the latter stages of winter, crop
and cover conditions become degraded, thereby disposing

birds to greater vulnerability from hunting.

Through

investigations of real responses and simulated population
models, Roseberry (1979) concluded that late-season

hunting had an additive effect on mortality of bobwhites
in Illinois.

Similarly, Pollock et al. (1989) concluded

that late-season hunting had an additive effect on the
population they studied in Florida.

However, the timing

of harvesting by Pollock et al. (1989) was very atypical,
occurring 2 months later than a typical hunting season.
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Roseberry and Klimstra (1972) and Roseberry (1979) noted
that under typical hunting chronologies harvesting tended
to be compensatory.

Vulnerability to harvest might also be affected by
differential mortality among sex-age groups.

Recent

studies in Texas (Shupe et al. 1990), Florida (Pollock et

al. 1989), southern Illinois (Roseberry and Klimstra
1992), and Missouri (Burger et al. 1995) have examined
this topic in detail.

Pollock et al. (1989) found a

higher harvest rate among juvenile males compared to adult
males, but detected no difference among females based on
band recovery analyses.

Using a similar approach, Shupe

et al. (1990) concluded that with no sex x age
interaction, juveniles were more vulnerable to harvest
than adults.

Roseberry and Klimstra (1992) also concluded

that juveniles were more susceptible to harvest than
adults, with the difference being slightly greater in
males.

Burger et al. (1995), however, reported similar

harvest rates among radio-marked adult and juvenile
bobwhites.

The preponderance of juveniles in the harvest

seems logical and within reason since juvenile:adult age
ratios typically approximate 4:1 and sometimes higher
during years of normal production (Jackson 1969, Roseberry

and Klimstra 1984).

Greater vulnerability among juvenile

males compared to adult males, as reported by Pollock et
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al. (1989) and Roseberry and Klimstra (1992), may work to

improve the male:female ratio and move it closer to 1:1, a
ratio that would favor maximum productivity (Dimmick
1992).

Numerous research studies on sex ratios of harvested

bobwhites have shown a preponderance of males among

adults, while juveniles exhibited no consistent

preponderance between the sexes.

Through an examination

of nearly 105,000 bobwhites harvested in southern Illinois
from 1950 to 1979, Roseberiry and Klimstra (1984) reported
that males comprised 50.3% (annual range of 46.5% to
52.8%) of the entire juvenile sample and 59.6% (annual
range of 49.8% to 64.9%) of the entire adult sample.
Comparable percentages were reported by Rosene (1969) for
populations in others parts of the bird's range.

Burger

et al. (1995), however, detected no sex or age difference

in their sample of radio-marked bobwhites harvested in
Missouri.

Among studies reporting a preponderance of

males in the adult segment of the harvest, different

explanations have been given concerning the timing behind
the imbalance.

Stoddard (1931) believed that females

suffered greater losses than males during their first fall
and winter.

Marsden and Baskett (1958) attributed the

differential to mortality that occurred prior to and
during the nesting season.

Others, such as Bennitt
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(1951), Lay (1952), Kabat and Thompson (1963), and Rosene
(1969) believed that the differential occurred during the

breeding season.

Roseberry and Klimstra (1984) suggested

that at least some of the differential in southern

Illinois occurred during fall and winter.

In Missouri,

Burger et al. (1995) detected lower survival in females
compared to males from fall to spring, but similar
survival between the sexes from spring to fall.

They

hypothesized that over the spring to fall period "the
combined cost of displaying and incubation incurred by

males approximates the reproduction-related costs incurred
by females."

Despite the differences in timing, these

data collectively suggest that females are more likely to
suffer greater mortality than males between winter and
fall.

Mechanisms responsible for imbalanced sex ratios in
adults are as varied as the timing.

differential with population change.

Some have related the

Through a study on

pheasant sex ratios, Wagner (1957) reported that ratios
favored females during population increases and males

during population declines.

Roseberry et al. (1979) found

a preponderance of bobwhite males (62%) among juveniles
during a 4-year period of severe population decline in
southern Illinois.

Conversely, Bennitt (1951) and Kabat

and Thompson (1963) did not believe that variations in
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fall bobwhite sex ratios were correlated with productivity
or hunter success in Missouri or Wisconsin, respectively.
However, Sowls (1960) interpreted Bennitt's data as

showing a slight preponderance of males, among adults,

during years of low production.

Based on analysis from

wing samples collected from hunters in southern Illinois,
Roseberry and Klimstra (1984) found no correlation between
annual young:adult ratios and the sex ratio of either
juveniles or adults.

V.

Hunting Effort

Hunters spent between 4.0 and 5.0 hours afield per
trip over the 4 seasons.

This amount of time was above

average compared to other studies, and it was possibly
influenced by the long distances most hunters travelled to
hunt the area.

Several studies suggest that a correlation

exists between the number of hours spent afield per trip

and distance travelled to hunt.

The implication is that

hunters who drive long distances may be more likely to
hunt an area longer to justify the long travel time.

Roseberry and Klimstra (1984) reported that quail hunters
averaged 2.4 hours afield per trip on the Carbondale
Research Area (CRA) in southern Illinois.

They commented

that much of the hunting on the CRA was by local
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residents.

Vance and Ellis (1972) found that quail

hunters on 2 public hunting areas in Illinois averaged 3.7
and 3.0 gun hours afield per trip, and that hunters on
both areas were predominantly residents of the immediate
area.

Quail hunters in Oklahoma averaged 5.7 hours afield

per day (Ellis 1972).

Ellis (1972) also reported that

hunters who hunted close to home spent fewer hours hunting
per day than did those who travelled farther.
Average total harvest per trip afield per year ranged
from 3.8 to 6.6 bobwhites.

The range of kill per trip was

intermediate in size compared to numbers others have

reported.

Sixteen years of hunting data collected in

southern Illinois revealed an average daily harvest,

including cripples, of 1.4 bobwhites per trip (Roseberry
and Klimstra 1984).

Roseberry and Klimstra (1984) added

that their reported kill per trip probably reflected the

relatively short period of time hunters spent afield.
During the 1950-51 and 1951-52 hunting seasons, Texas
hunters harvested 6.9 and 5.4 bobwhites per hunting trip,
respectively (Parmalee 1953).

Roseberry and Klimstra (1984) recorded a kill per gun
hour of 0.6 for the population they studied in southern

Illinois for 16 years.

The average harvest per gun hour

of 0.5 on the Jones area was not significantly less than

what Roseberry and Klimstra (1984) reported.

In contrast.
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Missouri hunters from 1938 through 1948 had an average

kill per gun hour of 1.4 (Bennitt 1951).

Also in

Missouri, Crawford (1951) reported a harvest of 1.0

bobwhites per gun hour.

Differences in qpiail densities

now and some 40 years ago may account for at least some of
the dissimilarity in the average harvest per gun hour

between my study and those conducted in Missouri.

Roseberry and Klimstra (1984) reported a densityindependent relationship between annual gun hours and fall
populations for southern Illinois bobwhites.

Hunters on

the Jones study area exerted similar effort among the 3
years of high density and much less effort on the lower

density year, suggesting a density-dependent relationship
between annual hunting pressure and population size in the
fall.

A comparison of coveys flushed during 1990-91 fall

and spring censuses and those flushed during the hunting
season indicates that not all coveys on the area were

encountered by hunters each trip afield.

The number of

coveys flushed during the last hunt was lower than the
number of coveys flushed during the spring census,
conducted 15 days later.

The number of covey flushes

during the fall census (11 coveys) was higher than the
number flushed by hunters early in the hunting season;

fall censusing occurred 12 days prior to the first hunter
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report.

Additionally, the greatest number of coveys

flushed on any hunt never exceeded the number flushed
during the fall census.

These findings indicate that a

certain percentage of bobwhites on the area were not being
encountered each time afield despite the intense effort
exerted by hunters.

It was difficult to determine the relationship
between hunting pressure, total harvest, hunter success,
and coveys flushed for seasons 1987-88 through 1989-90

because of incomplete records.

During the 1990-91 season,

however, all of the aforementioned variables declined as

the season progressed, evidenced by the reported data.

Declines were more discernible in covey flushes, hunting
pressure, and total harvest.

The decline in total harvest

was obviously related directly to the decline in covey

finds.

The decline in hunting pressure was difficult to

explain.

One possible explanation was that as the season

progressed the size of hunt parties became a little

smaller and the time they spent afield was slightly less.
The fact that fewer coveys were being flushed each time
afield may partially explain the decline in party size and
time afield.

Latham and Studholme (1952) and Kabat and Thompson

(1963) expressed the opinion that hunting pressure tends

to decline as covey finds become more scarce.

This
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suggests that the amount of time spent afield was dictated
by the hunters' success at finding birds.

Klimstra (1972)

concluded that the progressive decline in covey finds on
an intensively managed area in southern Illinois seemed a
direct reflection of heavy hunting pressure.
Characteristics of the decline in covey flushes on the

Jones study area in 1990-91 were similar to those reported
by Klimstra (1972), indicating that the decline in covey
finds perhaps resulted from the cumulative effects of
heavy hunting pressure.

Hunter success on the Jones study area was slightly

greater during the first few weeks of the hunting season,
but fluctuated moderately throughout the balance.

Bennitt (1951) reported a dramatic decline in hunting

pressure and harvest during the first week of hunting
season in Missouri, followed by a more gradual decline in

both throughout the balance of the season.

In Illinois,

Vance and Ellis (1972) and Roseberry and Klimstra (1984)

reported that hunting pressure and harvest declined
steadily through the first four weeks of the season but
increased slightly during the last two weeks.

Both of the

Illinois' studies attributed the late-season increase in

activity to the Christmas holiday period.
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CHAPTER IV

SUMMARY AND CONCLUSIONS

The major objectives of this research project were:
(1) to measure seasonal densities of bobwhite populations;
(2) to determine effects of hunting and non-hunting

mortality on measured population parameters; and (3) to
assess hunting effort exerted on an intensively hunted
area.

Population parameters measured during the study

were fall and spring densities, over winter losses

(including hunting and non-hunting mortality), summer

gain, and percent change from one fall to the next.

The

major research hypothesis investigated was that both
hunting and non-hunting mortality affected seasonal
population levels of bobwhites.

Fall and spring densities varied among areas and

among years.

On most areas, fall densities were more

variable than were spring densities.

Spring densities

were not independent of previous fall population levels.

Densities in spring increased an estimated 0.18 birds per
100 ha for every 1.00 bird per 100 ha increase in the

fall.

Fall population levels were positively affected by

fall numbers from the previous year.

Fall densities

increased about 0.50 bird per 100 ha, given a 1.00 bird

100

per 100-ha increase in the previous fall.

Fall density positively affected total over-winter
loss, but did not affect hunting or non-hunting mortality
independently.

Over-winter loss increased an estimated

0.31 birds per 100 ha for each 1.00 bird per 100-ha

increase in fall density.

The range of over winter losses

for hunted populations was greater than for non-hunted

populations.

One non-hunted population incurred a gain

over winter.

Non-hunting mortality varied more on hunted

areas than on areas unexploited by hunting.

On hunted

areas, losses from causes unrelated to hunting exceeded
those from hunting in 8 of 12 comparisons.
Hunted populations increased over summer on all areas
all years; non-hunted populations increased some years on
some areas and decreased on others.

Summer gain was

inversely influenced by spring density.

Bobwhite

populations compensated for lower spring population levels
through increased recruitment, and for greater spring
levels through decreased recruitment.

Recruitment of plus

or minus 5.30 birds per 100-ha occurred for every 1.00

bird per 100-ha increase or decrease in spring density.
Losses from causes unrelated to hunting had a much

greater influence on total over-winter loss than did
losses from hunting.

Over-winter losses were highly

influenced by non-hunting mortality, and negligibly
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influenced by hunting mortality.

Hunting had no effect on

spring densities and summer gains, but non-hunting
mortality was correlated with both parameters.

Neither

hunting nor non-hunting mortality influenced the change in
density from one fall to the next.

The pressure (gun hours) exerted by hunters in
pursuit of quail was used to evaluate hunting effort on
the Jones study area, beginning with the 1987-88 season

and ending with 1990-91 season.

Hunting parties, ranging

in size from 1 to 4 hunters, spent 2.0 to 6.0 hours

hunting each time afield.

Total harvest, hunter success,

and hunting pressure varied appreciably from year to year,
but the average per trip afield for these variables
differed little among years.

During 1990-91, a steady

decline occurred in the harvest, number of hours spent

afield, and covey flushes with each successive hunting

trip.

The declines likely resulted from the cumulative

effect of heavy hunting pressure on escape behavior of the
bobwhite.

This research project failed to produce evidence that

hunting regulated quail abundance on the 8 Tennessee study
areas.

It did, however, demonstrate that non-hunting

mortality had a direct effect on over-winter loss and an
inverse effect on spring density.

102

LITERATURE CITED

103
LITERATURE CITED

Anderson, D. R., and K. P. Burnham.

1981.

Bobwhite

population responses to exploitation: two problems.

J. Wildl. Manage.

Baumgartner, F. M.

45(4):1052-1054.

1944.

Bobwhite quail populations on

hunted vs protected areas.

J. Wildl. Manage.

8(3):259-260.

Bennitt, R. 1951. Some aspects of Missouri quail and
quail hunting, 1938-1948. Missouri Conserv. Comm.
Tech. Bull. No. 2.

52 pages.

Burger, L. W., T. V. Dailey, E. W. Kurzejeski, and M. R.
Ryan. 1995. Survival and cause-specific mortality
of northern bobwhite in Missouri.

J. Wildl. Manage.

59(2):401-410.

Burt, D. K.

1976.

An evaluation of food plots as a

management tool for wildife on farms and forest lands
in east Tennessee. M. S. Thesis, The Univ. of Tenn.,
Knoxville. 123 pages.

Caughley, G.

1985.

Harvesting of wildlife: past,

present, and future.

Pages 3-14.

and S. F. Robertson, eds.

In S. L. Beasom

Game harvest management.

Caesar Kleberg Wildlife Research Institute,
Kingsville, TX.

Coppinger, T. H.

1981.

An evaluation of food plantings

for wildlife on pine plantations in Tennessee.
Thesis, The Univ. of Tenn., Knoxville.

Crawford, B. T.

1951.

M. S.

77 pages.

The field bag-check method of

determining hunting success, pressure, and game kill.

Trans. North Am. Wildl. Conf. 16:307-315.

Curtis, P. D., B. S. Mueller, P. D. Doerr, and C. F.
Robinette.

1988.

Seasonal survival of radio-marked

northern bobwhite quail from hunted and nonhunted
populations. Pages 263-275. In C. J. Amlaner, Jr.,

ed. Biotelemetry 10. Proc. 10th Int. Symp. on
Biotelemetry. Fayetteville, AR.

Dimmick, R. W. 1974. Populations and reproductive effort
among bobwhites in western Tennessee. Proc. Ann.
Conf. S. E. Assoc. Game and Fish Comm. 28:594-602.

104

1992.

Northern Bobwhite (Colinus viroinianus):

Section 4.1.3, US Army Corps of Engineers Wildlife
Resources Management Manual, Technical Report EL-9218, US Army Engineer Waterways Experiment Station,
Vicksburg, Miss.

74 pages.

, F. E. Kellogg, and G. L. Doster. 1982. Estimating
bobwhite population size by direct count and the
Lincoln Index. Pages 13-18. In F. Schitoskey, Jr.,
E. C. Schitoskey, and L. G. Talent, eds. Proc.
Second Natl. Bobwhite Quail Symp., Oklahoma State
Univ., Stillwater.

Ellis, R. J.

1972.

The Oklahoma quail hunter.

Pages

306-343. In J. A. Morrison and J. C. Lewis, eds.
Proc. First Natl. Bobwhite Quail Symp., Oklahoma
State Univ., Stillwater.

Ellis, J. A., W. R. Edwards, and K. P. Thomas.

1969.

Responses of bobwhites to management in Illinois.
Wildl. Manage.

Errington, P. L.

33(4):749-762.

1934.

J.

Vulnerability of bob-white

populations to predation.

Ecology 15(2):110-127.

1945. Some contributions of a fifteen-year local
study of the northern bobwhite to a knowledge of
population phenomena. Ecol. Monogr. 15:1-34.
, and F. N. Hamerstrom, Jr. 1935. Bob-white winter
survival on experimental shot and unshot areas. Iowa
State Coll. J. Sci. 9(4):625-639.

Guthery, F. S.

1986.

Beef, brush, and bobwhites: quail

management in cattle country.
Kingsville, TX. 182 pages.

CKWRI Press,

Hickey, J. J. 1955. Some American population research on
gallinaceous birds. Pages 326-396. In A. Wolfson,
ed. Recent studies in avian biology. Univ. Illinois
Press, Urbana.

Jackson, A. S.

1969.

A handbook for bobwhite quail

management in the west Texas Rolling Plains.

Parks and Wildl. Dep. Bull. 48.

Johnsgard, P. A.
America.

1973.

Tex.

77 pages.

Grouse and quails of North

Univ. Nebraska Press, Lincoln.

553 pages.

105

Kabat, C., and D. R. Thompson. 1963. Wisconsin quail,
1834-1962--population dynamics and habitat
management. Wise. Conserv. Dept. Tech. Bull. 30:1136.

Kellogg, F. E., G. L. Doster, E. V. Komarek, and R.
Komarek.

15-20.

1972.

The one quail per acre myth.

Pages

In J. A. Morrison and J. C. Lewis, eds.

Proc. First Natl. Bobwhite Quail Symp., Oklahoma
State Univ., Stillwater.

^

^ and L. L. Williamson.

1970.

A bobwhite

density greater than one bird per acre.
Manage.

34(2):464-466.

J. Wildl.

Klimstra, W. D. 1972. Population dynamics of bobwhites
on an intensively managed area in southern Illinois.
Pages 356-360. In J. A. Morrison and J. C. Lewis,
eds.

Proc. First Natl. Bobwhite Quail Symp.,

Oklahoma State Univ., Stillwater.

Krebs, C. J., and J. H. Myers. 1974. Population cycles
in small mammals. Pages 267-399. In A. Macfadyen,
ed. Advances in ecological research. Vol 8.
Academic Press, New York, N.Y.

Lay, D. W.

1952.

418 pages.

Bobwhite quail in relation to land

management in pine woodland type.
Fish Comm.

Texas Game and

Federal Aid Rep., Ser. No. 10.

54 pages.

Latham, R. M., and C. R. Studholme. 1952. The bobwhite
quail in Pennsylvannia. Penn. Game News Spec. Issue
No. 4.

Leopold, A.

95 pages.

1933.

Game management.

Sons, New York, N.Y.

Charles Scribner's

481 pages.

Marsden, H. M., and T. S. Baskett.

1958.

Annual

mortality in a banded bobwhite population.
Manage.

J. Wildl.

22(4):414-419.

Mosby, H. S., and W. S. Overton. 1950. Fluctuations in
the quail population on the Virginia Polytechnic
Institute Farms.
15:347-353.

Trans. North Am. Wildl. Conf.

106

Murray, R. W. 1958. The effect of food plantings,
climatic conditions, and land use practices upon the
quail population on an experimental area in northwest
Florida.

Proc. Ann. Conf. S. E. Assoc. Game and Fish

Comm. 12:269-274.

National Oceanic and Atmospheric Administration. 1987.
Climatological data annual survey, Tennessee. U.S.
Dept. of Comm., Asheville, N.C.
1988.

Climatological data annual survey,

Tennessee.

U.S.

Dept. of Comm., Asheville, N.C.

1989. Climatological data annual survey,
Tennessee. U.S. Dept. of Comm., Asheville, N.C.

1990. Climatological data annual survey,
Tennessee. U.S. Dept. of Comm., Asheville, N.C.
1991. Climatological data annual survey,
Tennessee. U.S. Dept. of Comm., Asheville, N.C.
Parmalee, P. W. 1953. Hunting pressure and its effect on
bobwhite quail populations in east-central Texas. J.
Wildl. Manage. 17(3):341-345.
Pollock, K. H., C. T. Moore, W. R. Davidson, F. E.
Kellogg, and G. L. Doster. 1989. Survival rates of

bobwhite quail based on band recovery analyses.
Wildl. Manage. 53(1):1-6.

Reid, V. H., and P. D. Goodrum. 1960.
product of longleaf pine forests.

J.

Bobwhite quail: a
Trans. North Am.

Wildl. Conf. 25:241-251.

Roseberry, J. L. 1979. Bobwhite population responses
to exploitation: real and simulated. J. Wildl.
Manage. 43(2): 285-305.

1981. Bobwhite population responses: a reply.
Wildl. Manage. 45(4):1054-1056.

J.

-, and W. D. Klimstra. 1972. Some aspects of the
dynamics of a hunted bobwhite population. Pages 268282.

In J. A. Morrison and J. C. Lewis, eds.

Proc.

First Natl. Bobwhite Quail Symp., Oklahoma State
Univ., Stillwater.

107

, and

.

1984.

Population ecology of the

bobwhite. Southern Illinois Univ. Press, Carbondale.
259 pages.

, and
. 1992. Further evidence of differential
harvest rates among bobwhite sex-age groups. Wildl.
SOC. Bull.

20:91-94.

, B. G. Peterjohn, and W. D. Klimstra. 1979.
Dynamics of an unexploited bobwhite population in
deteriorating habitat. J. Wildl. Manage. 43(2):306315.

Rosene, W. 1969. The bobwhite quail: its life and
management. Rutgers Univ. Press, New Brunswick, N.J.
418 pages.

SAS Institute, Inc.

1985.

SAS user's guide: statistics.

1985 ed. SAS Inst., Inc., Gary, N.C.

956 pages.

Shupe, T. E., F. S. Guthery, and R. L. Bingham. 1990.
Vulnerability of bobwhite sex and age classes to
harvest.

Wildl. Soc. Bull.

18:24-26.

Sowls, L. K. 1960. Results of a banding study of
Gambel's quail in southern Arizona. J. Wildl.
Manage. 24(2):185-190.
Speake, D. W., and A. 0. Haugen. 1960. Quail
reproduction and weather in Alabama. Proc. Ann.
Conf. S. E. Assoc. Game and Fish Comm. 14:85-97.

Stanford, J. A. 1972. Bobwhite quail population
dynamics: relationships of weather, nesting,
production patterns, fall population characteristics,
and harvest in Missouri quail. Pages 115-139. In J.
A. Morrison and J. C.Lewis, eds. Proc. First Nat.
Bobwhite Quail Symp., Oklahoma State Univ.,
Stillwater.

Stoddard, H. L. 1931. The bobwhite quail: its habits,
preservation and increase. Charles Scribner's Sons.
New York. 559 pages.
Vance, D. R., and J. A. Ellis.

1972.

Bobwhite

populations and hunting on Illinois public hunting
areas. Pages 165-174. In J. A. Morrison and J. C.
Lewis, eds.

Proc. First Nat. Bobwhite Quail Symp.,

Oklahoma State Univ., Stillwater.

108

Wagner, F. H. 1957. Late-summer mortality in the
pheasant hen. Trans. North Am. Wildl. Conf. 22:301315.

, C. D. Besadny, and C. Kabat. 1965. Population
ecology and management of Wisconsin pheasants. Wise.
Conserv. Dept. Tech. Bull. 34.

Whitehead, C. J.

1991.

168 pages.

Fisheries, small game, and

migratory bird program outputs, FY 1985-1990, with
estimated projections to the year 2000. Planning
Rept. 91-1.

Nashville.

Tenn. Wildl. Resources Agency,

109

APPENDIX

110

Table 15.

Crippling losses of bobwhites among the 6
hunted areas, 1987-88 to 1990-91.

Study
area

Jones

Graham

1987-88
9.1

--

Stewart
McEwen

Hogue (A)
CJHC

®

Landowner inadvertently
collection.

1988-89

1989-90

1990-91

21.1

23.6

6.3

0.0

33.3

0.0

0.0

33.3

11.1

0.0

0.0

n

n

11.5

9.1

0.0

discarded harvest data

prior to

Ill

Table 16.

Total rainfall and departure from normal for
April through August, McMinnville reporting
station, Tennessee, 1987 - 1991.®

Year

Total rainfall (cm)

Departure
from normal (cm)

1987

38.13

-17 .
, 16

1988

30.18

-25,
.10

1989

68.30

+13,
,03

1990

39.07

.21
-16,

1991

49.71

-

®

(NOAA 1987, 1988, 1989, 1990, 1991).

5.
.56
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